Invasion of connective tissue by human carcinoma cell lines: requirement for urokinase, urokinase receptor, and interstitial collagenase.
We have screened six human squamous carcinoma cell lines for their ability to invade connective tissue by using the experimentally modified chorioallantoic membrane of a chick embryo as an in vivo model of invasion. In confirmation of our earlier studies, all the invasive cell lines expressed high levels of surface-bound urokinase type plasminogen activator (uPA). However, some cell lines expressing this activity were not invasive, suggesting that surface uPA, although necessary, was not sufficient. Since in addition to fibronectin, that can be degraded by uPA or plasmin, chorioallantoic membrane connective tissue contains collagen, we examined the profile of collagenases secreted by the various cell lines in search for an activity that would coincide with the invasive phenotype. We found, using gelatin substrate gels, that type IV gelatinase was produced by all six cell types tested, three cell types produced the M(r) 92,000 gelatinase, and three a lower-molecular-weight activity, which we identified by immunoprecipitation with specific antibodies, and by a direct assay of activity, as interstitial collagenase. Only the latter cells were found to be highly invasive. We showed previously that continuous culture in vitro of one of the carcinoma cell lines, HEp3, led to a gradual extinction of their malignant phenotype. To confirm the correlation between invasion and the production of interstitial collagenase, we examined these two functions in cells freshly isolated from a HEp3 tumor and intermittently during passage in vitro. We found that, although the surface uPA activity was slightly diminished in the in vitro grown cultures, it was still within the range of values found in highly malignant cells, suggesting that it is not the reason for the decrease in invasiveness. In contrast, the reduction in interstitial collagenase closely followed the loss of the invasive phenotype; after 30 in vitro passages the cells were almost completely devoid of interstitial collagenase and unable to invade. The decrease in collagenase activity was not the result of an increased tissue inhibitor of metalloproteinases production.